Reactions were carried out in dry glassware and under inert atmosphere of purified argon or nitrogen using Schlenk techniques unless otherwise stated. Some solvents such as diethyl ether, dichloromethane, THF and toluene were used directly from a solvent purification system MB SPS-800. Pentane, MeOH and CHCl3 were purchased from commercial suppliers and used as received. Dry pentane was prepared by adding molecular sieve to the commercial solvent. Aq. ammonia solution, t BuLi (1.7 M solution in pentane), P,P-dichlorophenylphosphine, methyl trifluoromethanesulfonate, elemental sulfur, trichlorosilane and tris(pentafluorophenyl)borane were purchased from commercial suppliers and used as received. Oxide 1a was synthesized according to our previous publication. [S1] NMR: 1 H, 11 B, 13 C, 19 F and 31 P NMR as well as DEPT 135 spectra were recorded on a Bruker Avance III, Bruker Avance 400, Bruker Avance-III-300, Bruker Avance DRX-300, Bruker
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Theoretical calculations: Molecular optimizations have been carried out at the B3LYP/6-31+G(d) level by using the GAUSSIAN 09 suite of programs. [S3] Solvent effects (DCM) were considered by using the polarization continuum model (PCM).
Steady-state spectroscopy: Absorption and emission spectra were recorded using a Jasco V660 and Jasco FP6500 spectrometer, respectively.
Fluorescence quantum yields Φ: Quantum yields were measured using quinine sulfate in 0.1M sulfuric acid as a reference (Φ = 0.54) according to the literature. [S4] Fluorescence lifetimes τ: The fluorescence decays were recorded with a HORIBA Scientific Fluorocube single photon counting system operated with HORIBA Scientific DataStation version 2.2. Fluorescence lifetimes were acquired by an exponential fit according to the least mean square with commercially available software HORIBA Scientific Decay Data Analyses 6 (DAS6) version 6.4.4.
Electrochemistry: Voltammograms (cyclic voltammetry, differential pulse voltammetry and square wave voltammetry) were recorded using a Metrohm Autolab PGSTAT101 potentiostat/galvanostat from acetonitrile solutions using tetrabutylammonium hexafluorophosphate as electrolyte, glassy carbon as working electrode, Pt wire as counter electrode and Ag wire as pseudo-reference electrode. Scan rate is 100 mV s −1 . The curves were calibrated using ferrocene as internal standard (E1/2 = 0.54 V vs SCE).
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Experimental details
Synthetic procedures
Diphosphahexaarene 2a and 2b
In a flame-dried Schlenk flask with condenser, compound 1a (1.0 eq, 0.064 mmol, 40 mg) was suspended in 8 mL of degassed THF, trichlorosilane (30.0 eq, 1.921 mmol, 260 mg, 0.19 mL) was added and the mixture was stirred at 90 °C. After 19 h, 20 eq of HSiCl3 were added at r.t. and the mixture was heated up again to 90 °C. This was repeated after 42 h and 48 h reaction time. After 68 h, 31 P NMR analysis indicated complete conversion to a 1:1 mixture of isomers.
The turbid solution was allowed to cool to r.t. and filtered through dry Celite®. After removing the solvent under vacuum at r.t. the product was washed with dry toluene, pentane and diethyl ether and finally purified by column chromatography under inert atmosphere using silica gel and DCM as eluent. The product was obtained in 40% yield as a mixture of two isomers. 
Diphosphahexaarene 3a and 3b
In a flame-dried Schlenk flask, the tetrabromo starting material (1.0 eq, 0.137 mmol, 95 mg) was dissolved in a 1:1 mixture of THF (4.5 mL) and diethyl ether (4.5 mL). The solution was then cooled to -78 °C and t BuLi (4.0 eq, 0.546 mmol, 0.32 mL of a 1.7 M solution in pentane) was added dropwise. The solution was stirred at -78 °C for 30 min, covered from light, PhPCl2
(2.1 eq, 0.287 mmol, 51 mg, 39 µL) was added and the solution was stirred at room temperature for 4.5 h. To the resulting suspension, elemental sulfur (2.5 eq, 0.341 mmol, 11 mg) was added and the mixture was stirred for 22 h at r.t. The solvent was removed under vacuum at r.t. The crude product was obtained in 80% conversion as a mixture of two isomers. Purification by column chromatography using silica gel and DCM/Pentane/MeOH/NH4OH 10:90:0.5:0.5 to 100:0:0.5:0.5 and then continuing with 100:0:2:1 to 100:0:4:1 as eluent mixtures allowed to isolate the two isomers. The pure products Isomer 1 (26% yield) and Isomer 2 (34% yield) were finally obtained as yellow solids by precipitation with methanol from chloroform solutions. 
Diphosphahexaarene 4a and 4b
In a flame-dried Schlenk flask with condenser, compound 1a (1.0 eq, 0.066 mmol, 41 mg) was suspended in 8 mL of THF, trichlorosilane (20.0 eq, 1.313 mmol, 178 mg, 0.13 mL) was added and the mixture was stirred at 90 °C. After 2 days, 20 eq of HSiCl3 were added at r.t. and the mixture was heated up again. This was repeated after 4 days (20 eq) and 5 days (10 eq) reaction time. After 6 days reaction time, the cloudy solution was allowed to cool to r.t. and the volatiles were removed under vacuum at r.t. The yellow solid was dissolved in 11 mL of THF and cooled to 0 °C. Methyl trifluoromethanesulfonate (2.1 eq, 0.138 mmol, 23 mg, 16 µL) was added and the mixture was stirred at 0 °C. After 2h, the crude was filtered through a Celite plug and the solvent was removed under vacuum at r.t. The product was obtained in a 50% conversion as a mixture of two isomers. Purification by column chromatography using silica gel and CHCl3/MeOH/NH4OH 100:1:1 to 100:20:1 as eluent mixtures followed by precipitation from ethyl acetate solution with pentane/diethyl ether allowed to isolate the pure isomer mixture as yellow solid (Yield: 27%). 
Diphosphahexaarene 5
In Table S1 . 31 P NMR shifts of compounds 1-5, measured in CDCl3 solution. Chemical shifts are expressed as parts per million (ppm, δ) and referenced to external 85% H3PO4. In case of 2 and 4 the two isomers in the mixture exhibit different shifts, which are given separated by a slash.
31 P NMR shifts
Oxide cis 1a
Ox. trans 1b
Reduced 2 Figure S1 . Frontier molecular orbitals of compounds 2a, 2b, and 1a computed by DFT calculations. S10 Figure S2 . Frontier molecular orbitals of compounds 3a, 3b, and 1a for comparison computed by DFT calculations. S11 Figure S3 . Frontier molecular orbitals of compounds 4a, 4b, and 1a for comparison computed by DFT calculations. 
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